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=,_, Flow fields in the neighborhood of confined jets proved to be of great
.n interest for gas turbine combustor designers, Although there have been
,4
,+
numerous investigations on the characteristics of confined (1-4) jets, very
¢
; little quantitative data exist for confined jets in a swirling flow. We have
recently started an experimental program to study the characteristics of
Inhomogeneous Jets In confined swirling flows to obtain detailed and accurate
L data for the evaluation and improvement of turbulent transport modeling for
combustor flows. Our work was also motivated by the need to investigate and
quantify the influence of confinement and swirl on the characteristics of
inhomogeneous jets.
The flow facility at Arizona State University was constructed in a simple
way whtch allows easy interchange of different swtrlers and the freedom to
vary the jet Reynolds number. The velocity measurements were taken with a one
color, one component DISA Model 55L laser-Doppler anemometer employlng the
forward scatter mode, Standard statlstlcal methods are used to evaluate the
various moments of the signals to give the flow characteristics. _;
!
The current project started with the measurements of the velocity field, i
The second phase of the work wlll concentrate on the Investigation of the i
0 I
scalar fluxes utilizing concentration probes. Finally, the two different )
sensors wtll be used simultaneously to determine the turbulent momentum and
mass fluxes tn the whole flow fteld. f
The present work was dlrected at the understanding of the veloclty field.
Therefore, only veloctty and turbulence data of the axial and circumferential
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components are reported for tnhomogeneous Jets In conflned swtrl tng atr flows,
Results to date show that the jet centerltne velocity decreases rapldly In a
short distance for both Helium and air Jets. However the similarity between
Helium and air jets ends here. For atr jets, the Jet-like behaviour in the
flow disappears at about 20 diameters downstream of the jet exit. This
phenomenon is independent of the lntttal jet velocity. When this stage is
reached for the mean flow, the turbulence field also decays to that of the
background swtrllng flow. For Helium jets, the Jet-llke behaviour Is noticed
even at 40 diameters downst, eam of the jet exit. The turbulence field also
reflects the same behaviour. Since the Jets are fully turbulent (therefore,
independent of jet Reynolds numbers) and ti;e jet momentum fluxes for both alr
and Helium jets are the same, the cause of this difference in behaviour is
attributed to the combined actton of swirl and density difference. Thls
i
behaviour could explain some of the cotmon observations tn gas turbine ':
v
i
combustors. P
I
The completion of the proposed work will make a substantial contribution
to the understanding and predictive capability of complex turbulent swtrltng
flows with lnhomogeneous jets.
I
i
References .,
(
I. Janjua, S.I., McLaughlln, D.K., Jackson, T.W., and Lllley, D.G.,
turbulence Measurements tn a Confined Jet Using a Six-Orientation Hot-Wire )
Probe Technique, AIAA Journal, Vol. 21, No. 12, pp. 1609-1610. )
2. Habib, M.A., Whltelaw, J.H., Velocity Characteristics of a Confined
Coaxial Jet, ASME Paper 79-WA/FE-9.
3. Hablb, M.A., Whltelaw, J.H., Velocity Characteristics of Confined Coaxial
Jets wlth and without Swirl, /LSMEPaper 7g-W/VFE-21. r
4. Johnson, B.V., Bennett, J.C., Mass and Momentum Turbulent Transport
Experiments wlth Confined Coaxial Jets, NASA Report CR-165574.
a
" 224
1984012457-218
..
"+" ' OBJECTIVE PROGRAMOF WORK
,_ • EXPERIMENTAL STUDIES
; • MIXING IN COMBUSTOR
=
: I - AIR JETS '
• ISOTHERMAL VARIABLE DENSITY
2- HELIUM JETS
• MIXING
_" 3- CONCENTRATIONAND FLUX MEAgURE-
t
MENTS .
•" • SW IRL EFFECTS
4-EFFECTS OF VARYING SWIRL
• SCALE INFORMATION FOR
COMBUSTOR DESIGN
• DATA FOR MODEL VERIFICATION
ORIG4NALPAGE ig
+ OF pOOR QUALIT_
+,
[XHAL_T
AIR INLET
Ot_T +
12'-9" EVAPORATIVEC,0_7 ,,,
Ij /"" 5"TLjOEI.D. PLEXIGLASS/ _/_TESTS_ECTION/ " -- iCH.4Mg(R I • OUTLETI[. °+" i
I F5 ALUMINUMTUB( -¢ i= i
_ _vcTuK ------- h_,'oo i ,
?" ' -- i
-p
| iL •
1
Schol.atic niaqram of the Flow System, (Note that the laser axis is perpetxll_ulJr to the pline of the I_lper)
t :L
+
I
225
®,
1984012457-219
ORIGINALPAGE I_1
OF POOR pUALI'Pq
1984012457-220
-._ '6 _. rl
/.
ORIGINAL PAG_ _
OF POOR QUALITY
1984012457-221
. ORIGINAL PAGE ;_
,HELIUM OR AIR OF POOR QUALI'I_,
SUPPLY
. _ HOLESI
; 2o2,
_" L-FLOW E
SECT ION
_ TEST SECTION __!
Schematic Dtigrim Showinq the Test Section In Oetltl
'tMOTOR ,
I"RAVERSINO
MECHe.NISM
u-_ _ L
I +i
.------,...._--;,.--I--.........-_--,
, ieowem i t'_Z1; _ _ r2..-71,
:l._L.r,(.l . .F,LT( C.OUN_.o,.., 1
o ,+ t i L........ F ........ +
: ., _--t +=_+.I_s'.=_ .
, Ira 4(_, L..J_s_ssJ '. m,mctsso_+m_,,
I IOSClLI,ATORI--IQI[NERATOfll
BIocL I)t4,)r*m of Che t_ and _tl kcqu_stt_o. System
; 228
_ a
1984012457-222
!AIn/AI_ )'
OF pCo_ Q :_LI'|'Y,
I
I$ "_.
FLOW CONDITIONS _ ,
h
_e" 5,5 x I0 4 I
..... I(:
o>
QUANTITY AIR JET HELIUM JET .,,
MEASURED ,:_
I
Roj 1.4XlO 4 3.8=104 1.81101 481105
Mj/_ 0.071 0,491 0010 0.068 oo
oo \#
O0 _ . 1 .... I ,, IIo 05 oo 05 I0
rlR
i
, _. Checl, on the Fto_ _um=etry i
AM /A_
i 4 "*" '. _ X/Oj, OS I• Sl[[O_ t_I'U,Uille0 • , IIIOINIuau.J_l
_ MiD J[T TO¢
o* o8 ',
t
*C
O-q
i
OC ' , I , & " - 0,0
0 OS O0 OI l,O
r/R
Check On the Sold [ffects
2;?¢J
1984012457-223
! ORIGINALPAGE lg
OF POOR QUALITY ,fp- ....,
_ ll" i : F ! '.,.. . _._.=, 'o-I_;"°"" "
"w.... ,,II I= i
• °"" Ill I_
. _--I _
i I • ' / I
v ;
I
'; 23o
1984012457-224
._!_ _i " ,
'" OF.POL)R_.,._-,,'Yt G
: xla N ,_
• w
" i
Ilj !
,. I l_ o -.L: _--" o q o@
(_ - _ .... :
_II_
i
_ ,
!i::°_ }oi : ,..o I i-- I 'I _ _I,_--0 ,_ I o.-_ _
'2_ g _"
- ]t ._ •
_' ' I,-, i ± %0
I _. _ o- - o -_ 0
_' - 0 o o
: o,_ -_"'--3/
231
-Rl
i
1984012457-225
Axtal Velocity Heasurments at Different Locations
m 232
1984012457-226
i OF POOR OUALli_( /X
Ot AI R/AI,_._.._...RR
_i oj-ts4
,; o ........ '__
e% e._.,
05_ ..... ..... ^^ "_ ._..._, *-,..
_-.-... "-"-T,__,....._.'---.--..__)-,,,.
........_...,_. '_.--,.__.__._,..__, ._,-----.-.......,-..,,/,/ ._ a• _..._._._ ..,.._L
L , •-.--...._, ..._._ .,..._. u .,_ -_-_
,oF _, ,,%
i ,oF _-._..><,.
o• o, ,o ,, ,o ,, ,o
Circumferential Velncttte_ et Different Axial Locat|ons
Disturbance Proftles at Dtffere.t _tal Loc_tton$
233
i
A,
V .... , ..._ ,j_ , ,,h.. - " .....
1984012457-227
r ¢'*,,_, i
OF POOR QUALITY j,
HELIUM JET- SPECULATED FLOW gE]HAVIOUR GRAVITATZONALBUOYANCY• g • 9.8 m/$2
(,,) CENTRIFUGALACCELERAIION _-_ :
• R
r_ HELIUM.._.___
4 (19 eVs)2
.1 m
6.2 x 10"2 m
; FT__ ,f- ; G x 103 m/s2
"_- HELIUM.-D-
%
OR RATIO : 600
(¢)
. HELIUM DISTANCEFORHe TO RISE ONER
t'- f
+ (a) x - uj t
HELIUM
AIR--_
-' (e)
• . AIR.R,...FI--_. ((_ _ ___ IF PA : 7P H '
) HELIUM..-m._ J
• . (_,_) 1"1: • .79 !
x Uj (R/,79) 1./2 ,
, _ " oj t
: 800
!
!
I
EFFECTS OF ROTATION ON MIXING
J
: FLUID PARTICLES ARE IN RADIAL EQUILIBRIUM DUE TO ;
RADIAL PRESS. GRAD • CENTRIFUGAL FORCE I
: PROMOTE MIXING IMPEDE MIXING '
• 1
././/II//I/II/L/ 1/111/111/1/_
v I
A. .B B. .A
DISPLACED FLUID B DISPLACED FLUID A
i
CONTINUES TO MOVE WILL BE FORCED BACK
'_" TOWARDS FUEL SURFACE TOWARDS
k
234
_ j
1984012457-228
® HELIUM/AIR
= 01 .2546
• Ol "668 I
Uj-254 I NO SWIRLING FLOW
" \ "E_ 4
'°
2
6875"_ _• 1375 2063 2r5 X/O To , I_ I _ _'_IL._ 'L'- , 1 I, I
0 4 8 12 16 20 24 28 32 36 40 X/D,J
Centerllne Velocities at Different Flow Conditions
(') 66 8
O2
& 25 4()
\ii,:_.,_ • 6.. I .o sw,_,NGFLow
• 25 4It
5 't
0 I0 __(;_ _0- I
-_ _ A
""'11.
C! 4 ' 12 ,6 20 _/T
.% ,
""-.t_ •
.6675 t375 2063 2,75 x/r_
, , I ,. .,. I , , , I , '.. IO.
24 28 32 36 40 X/Oj
' i
Axial Olstrtbut|ons of u_"_/V *t Olff_rentFlo_ Conditions
• !
i
235
1984012457-229
:j,_ r',"', _ _ "_ .... tA.I).
. • (_ _:,rp.._, _-_" ' (d) .HELIUM/AIR
AIR'" U _ J
_:. o.c- jl o fl to tfl 20 z5 50 35 40
; ,._='_" / x Oj.ss.e
_ _ _'><- z_'-. _,
,o_><;-...._ ..:...-,--.,....zo'-..._4
::K-_. --", "r'... -,..:._lot- "_
,of• I0 3 "_.i.o _'\_.1.0 I I I "--"*" I
0.0 0.5 1.0 1.5 2.0
U/V
Axis| Ve]ocity fleasurements at Different. Locations
L'*
" HELIUM lAIR Oj .66.0
50 * V/'_ 2
EE 30 "_"_'% SZO ), ./
10 _I__./
"_'=1
WALL 0
60 _,..._,.,_'
E _,_ zo
,4 E 30
- >" 20
_o ,.L..,%_.."
WALL 0
6o- _._...,.._',_,""
_ 40
30 40
WALL0 l _"_' "" "" I
Disturbance Profiles at Different Axial Locltlons
236
IJ _"
1984012457-230
